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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a drive gear for an 
automotive dynamo-electric machine that can suppress voltage 
fluctuations of the power source caused by the operating condition 
of the power-fed automotive dynamo-electric machine being 
switched. 

SOLUTION: The duty ratio of the switching elements Q1, Q2 on 
the DC-DC converter is feedback controlled in order to make the 
voltage 200 of the high voltage power source system 200 converge 
within a prescribed target range. If switching occurs between power 
operation and regenerative operation in controlling the switching 
elements Q1, Q2, the sharp change of the circuit condition during 
switching may cause a sharp change in the voltage and current on 
the low voltage power source system 1 00, adversely affecting the 
battery 1 and other low voltage components of the low voltage 
power source system 100. Therefore, the power transmission 
direction of the DC-DC converter 2 is switched before and after 
switching, as well as the maximum duty ratio of the switching 
elements Q1, Q2 so that the voltage and the current of the low 
voltage power source system 100 stay within the tolerance of the 
battery 1 of the low voltage power source system 100. 
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* NOTICES * W 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] The high- voltage electrical power system which carries out bidirectional power transfer through the 
dynamo-electric machine for cars and inverter equipment of the high voltage which take charge of a part of 
generating of transit power, and regeneration [ at least ], The low-battery electrical power system which has the 
dc-battery of a low battery and generates a low battery rather than said high-voltage electrical power system, 
The DC-DC converter which is arranged among said both electrical power systems, and controls the 
bidirectional power transfer between said both electrical power systems, In the dynamo-electric machine driving 
gear for cars equipped with the control section which carries out PWM control of the switching element built in 
said DC-DC converter said control section While carrying out feedback control of the duty ratio of said 
switching element so that the electrical potential difference of said high-voltage electrical power system may be 
completed as the predetermined target range It responds to a change in the powering movement of said dynamo- 
electric machine for cars, and regeneration actuation. Or bidirectional DC-DC converter equipment for cars 
characterized by changing the maximum duty ratio of said switching element in the voltage variation control 
direction of said low-battery electrical power system according to electrical-potential-difference change of said 
high-voltage electrical power system accompanying said change. 

[Claim 2] In the dynamo-electric machine driving gear for cars according to claim 1 said DC-DC converter Said 
switching element by the side of the high side which a series connection is carried out and is connected to the 
both ends of said high-voltage electrical power system, and said switching element by the side of a low side, 
[ each other ] It has the reactor which connects the node of said both switching elements, and the high order 
edge of said low-battery electrical power system. Said control section PWM control of the switching element by 
the side of said high side is carried out within the limits of the first maximum duty ratio at the time of the power 
transmission to said low-battery electrical power system from said high-voltage electrical power system, i.e., 
said regeneration actuation. The dynamo-electric machine driving gear for cars characterized by carrying out 
PWM control of the switching element by the side of said low side within the limits of the second maximum 
duty ratio at the time of the power transmission to said high-voltage electrical power system from said low- 
battery electrical power system, i.e., said powering movement. 

[Claim 3] It is the dynamo-electric machine driving gear for cars characterized by said control section changing 
said maximum duty ratio based on the detecting signal relevant to the temperature or the current of said dc- 
battery in the dynamo-electric machine driving gear for cars according to claim 1. 

[Claim 4] The high- voltage electrical power system which carries out bidirectional power transfer through the 
dynamo-electric machine for cars and inverter equipment of the high voltage which have the dc-battery of the 
high voltage and take charge of a part of generating of transit power, and regeneration [ at least ], The low- 
battery electrical power system which has the dc-battery of a low battery and generates a low battery rather than 
said high-voltage electrical power system, The DC-DC converter which is arranged among said both electrical 
power systems, and controls the bidirectional power transfer between said both electrical power systems, In the 
dynamo-electric machine driving gear for cars equipped with the control section which carries out PWM control 
of the switching element built in said DC-DC converter said control section The dynamo-electric machine 
driving gear for cars characterized by controlling the power transmission condition of self to the sense which 
controls the voltage variation of said high-voltage electrical power system by allowable-current within the limits 
of the dc-battery of said low battery according to sudden change of said high- voltage electrical power system 
accompanying said sudden change, corresponding to sudden change of the operating state of said dynamo- 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the dynamo-electric machine driving gear for cars which has a 

bidirectional DC-DC converter in detail about the dynamo-electric machine driving gear for cars. 

[0002] 

[Description of the Prior Art] The dynamo-electric machine for cars which performs engine starting operation 
and generation-of-electrical-energy actuation further for car electric load electric supply in addition to the 
dynamo-electric machine for cars which performs only generating of transit power and regeneration, the torque 
assistant actuation as those actuation, or regenerative-braking actuation is known. Thus, usually as a dynamo- 
electric machine for cars which can change suitably electric actuation and generation-of-electrical-energy 
actuation, the brush loess synchronous machine an alternating current drive is carried out [ a synchronous 
machine ] by the inverter circuit is adopted. 

[0003] Although it is desirable to consider as a high-voltage specification as much as possible for the 
miniaturization of the inverter circuit which drives a dynamo-electric machine and it, or the improvement in 
effectiveness as for these dynamo-electric machines for cars, since a mounted dc-battery cannot but use the 
thing of defined predetermined low-battery rating, it needs to interpose the DC-DC converter in which 
bidirectional power transfer is possible between a mounted dc-battery and an inverter circuit. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in the dynamo-electric machine driving gear for cars 
which supplies electric power to the dynamo-electric machine for cars with the above-mentioned bidirectional 
DC-DC converter, the electrical potential difference of a low-battery electrical power system or a high- voltage 
electrical power system may overshoot by sudden change of a circuit condition at the time of a change in 
electric actuation of the dynamo-electric machine for cars, and generation-of-electrical-energy actuation, and it 
may become excessive, and may have a bad influence on the electrical machinery and apparatus connected to a 
dc-battery or it. 

[0005] This invention is made in view of the above-mentioned trouble, and it sets it as the purpose to offer the 
dynamo-electric machine driving gear for cars which can inhibit the voltage variation of the electrical power 
system by the operating state change of the dynamo-electric machine for cars which supplies electric power. 
[0006] 

[Means for Solving the Problem] The high-voltage electrical power system in which the dynamo-electric 
machine driving gear for cars according to claim 1 carries out bidirectional power transfer through the dynamo- 
electric machine for cars and inverter equipment of the high voltage which take charge of a part of generating of 
transit power, and regeneration [ at least ], The low-battery electrical power system which has the dc-battery of 
a low battery and generates a low battery rather than said high- voltage electrical power system, The DC-DC 
converter which is arranged among said both electrical power systems, and controls the bidirectional power 
transfer between said both electrical power systems, In the dynamo-electric machine driving gear for cars 
equipped with the control section which carries out PWM control of the switching element built in said DC-DC 
converter said control section While carrying out feedback control of the duty ratio of said switching element so 
that the electrical potential difference of said high- voltage electrical power system may be completed as the 
predetermined target range According to electrical-potential-difference change of said high- voltage electrical 
power system accompanying said change, it is characterized by changing the maximum duty ratio of said 
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switching element in the voltag^variation control direction of said low-battery electrical power system, 
corresponding to a change in the powering movement of said dynamo-electric machine for cars, and 
regeneration actuation. 

[0007] That is, according to this configuration, feedback control of the duty ratio of the switching element of a 
DC-DC converter is carried out so that the electrical potential difference of a high- voltage electrical power 
system may be completed as the predetermined target range. In this case, if a change produces control of a 
switching element in a powering movement and regeneration actuation, the electrical potential difference and 
current of a low-battery electrical power system will change suddenly by the circuit condition sudden change at 
the time of a change, and a bad influence will arise to the dc-battery of a low-battery electrical power system. 
[0008] So, with this configuration, the value of the maximum duty ratio of a switching element is also changed 
to coincidence so that the electrical potential difference and current of a low-battery electrical power system 
may be settled in the tolerance of the dc-battery of a low-battery electrical power system before and after a 
change at the power transmission direction change sexagenary -cycle coincidence of a DC-DC converter. The 
change of the mode of operation of the dynamo-electric machine for cars can be performed inhibiting the bad 
influence to a dc-battery, since the overshoot electrical potential difference superimposed on power-source 
Rhine of a low-battery electrical power system at the time of the change of the operating state (the power 
transmission direction) of a DC-DC converter can be controlled by this. 

[0009] A configuration according to claim 2 is set to the dynamo-electric machine driving gear for cars 
according to claim 1. Further Said switching element by the side of the high side by which the series connection 
of said DC-DC converter of each other is carried out, and it is connected to the both ends of said high- voltage 
electrical power system, and said switching element by the side of a low side, It has the reactor which connects 
the node of said both switching elements, and the high order edge of said low-battery electrical power system. 
Said control section carries out PWM control of the switching element by the side of said high side within the 
limits of the first maximum duty ratio at the time of the power transmission to said low-battery electrical power 
system from said high-voltage electrical power system, i.e., said regeneration actuation. It is characterized by 
carrying out PWM control of the switching element by the side of said low side within the limits of the second 
maximum duty ratio at the time of the power transmission to said high-voltage electrical power system from 
said low-battery electrical power system, i.e., said powering movement. 

[0010] That is, according to this configuration, the effectiveness of the claim 1 above-mentioned publication is 
realizable with a simple configuration. 

[001 1] It is characterized by a configuration according to claim 3 changing said maximum duty ratio based on 
the detecting signal on the dynamo-electric machine driving gear for cars according to claim 1, and further 
relevant to the temperature or the current of said dc-battery in said control section. 

[0012] Since the maximum duty ratio at the time of the above-mentioned dc-battery charge and the maximum 
duty ratio at the time of discharge of the above-mentioned dc-battery are changed according to changing the 
allowable voltage (it being the minimum electrical potential difference at the time of the maximum electrical 
potential difference and discharge at the time of charge) of the dc-battery of a low-battery electrical power 
system according to the temperature and current, respectively according to this configuration, even if the 
temperature and the current of a dc-battery change, increase of the bad influence to the dc-battery by the above- 
mentioned change is avoidable. 

[0013] The high- voltage electrical power system which carries out bidirectional power transfer through the 
dynamo-electric machine for cars and inverter equipment of the high voltage which the dynamo-electric 
machine driving gear for cars according to claim 4 has the dc-battery of the high voltage, and take charge of a 
part of generating of transit power, and regeneration [ at least ], The low-battery electrical power system which 
has the dc-battery of a low battery and generates a low battery rather than said high-voltage electrical power 
system, The DC-DC converter which is arranged among said both electrical power systems, and controls the 
bidirectional power transfer between said both electrical power systems, In the dynamo-electric machine driving 
gear for cars equipped with the control section which carries out PWM control of the switching element built in 
said DC-DC converter Said control section is characterized by controlling the power transmission condition of 
self to the sense which controls the voltage variation of said high- voltage electrical power system by allowable- 
current within the limits of the dc-battery of said low battery according to sudden change of said high-voltage 
electrical power system accompanying said sudden change, corresponding to sudden change of the operating 
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state of said dynamo-electric machine for cars. 

[0014] That is, since according to this configuration drive control of the DC-DC converter is carried out in the 
tolerance of the dc-battery of a low-battery electrical power system in order that a high-voltage electrical power 
system and a low-battery electrical power system may inhibit the voltage variation of the dc-battery of a high- 
voltage electrical power system in two electrical power systems which have a dc-battery, respectively, the 
voltage variation of a high-voltage electrical power system can be reduced. 
[0015] 

[Embodiment of the Invention] The suitable embodiment of the dynamo-electric machine driving gear for cars 
of this invention is explained with reference to drawing 1 . 

[0016] (Whole configuration) The synchronous machine with which the dc-battery (low voltage dc-battery) of 
the low-battery electrical power system 100 and 2 make a bidirectional DC-DC converter (DC-DC converter) 
and the controller for [ 3 ] DC-DC converter control in the inverter circuit of a three phase and 4 (control 
section), and, as for 5, 1 makes a car transit motor, and 6 and 7 are smoothing capacitors. 
[0017] DC-DC converter 2 consists of a switching element Ql by the side of the high side which consists of a 
reactor L and IGBT which has the flywheel diode D, respectively, and a switching element Q2 by the side of a 
low side. Reactor L connects the node of both the switching elements Ql and Q2, and the high order edge of the 
low voltage dc-battery 1, the other end of the switching element Ql by the side of a high side is connected to 
high potential power-source Rhine VH of the high-voltage electrical power system 200, and the other end of the 
switching element Q2 by the side of a low side is grounded. VL is high potential power-source Rhine of the 
low-battery electrical power system 100, and has connected Reactor L and the high order edge of the low 
voltage dc-battery 1. 

[0018] An inverter circuit 3 is a three phase inverter circuit of the common knowledge which comes to carry out 
pair [ every ] antiparallel connection of six IGBT(s) and the six flywheel diodes, changes the direct-current high 
voltage of the high-voltage electrical power system 200 into a three-phase-alternating-current electrical 
potential difference, and is impressing it to the armature coil of the three phase synchronous machine 5. An 
inverter circuit 3 is controlled by the controller for inverter control which is not illustrated, and impresses the 
three-phase-alternating-current electrical potential difference of a predetermined phase to the armature winding 
of a synchronous machine 5 according to the rotator location of a synchronous machine 5. In addition, the 
above-mentioned predetermined phases of this three-phase-alternating-current electrical potential difference 
differ in the time of generation-of-electrical-energy actuation and electric actuation. That is, the above- 
mentioned controller for inverter control changes generation-of-electrical-energy actuation and electric 
actuation of a synchronous machine 5 according to the demand of a car by changing the above-mentioned 
predetermined phase of a three-phase-alternating-current electrical potential difference on the basis of the 
rotator location of a synchronous machine 5. Since these control is already common knowledge, still more 
detailed explanation is omitted. 

[0019] It has the function to restrict the duty ratio to under the predetermined maximum duty ratio on the 
occasion of the mode-of-operation change of bidirectional DC-DC converter 2 while carrying out feedback 
control of the controller 4 so that the electrical potential difference of high potential power-source Rhine VH 
may become predetermined desired value. 

[0020] (Basic actuation) Since actuation differs in the time of electric actuation (powering movement) of the 
dynamo-electric machine 5 for cars, and generation-of-electrical-energy actuation (regeneration actuation), 
sequential explanation of both the actuation is given. 

[0021] First, the base of the DC-DC converter control in electric actuation (powering movement) is explained 
below. 

[0022] The low voltage dc-battery 1 needs to supply electric power to electric actuation (powering movement) 
in need power at an inverter circuit. 

[0023] Then, a controller 4 carries out PWM switching of the switching element Q2 by the side of a low side 
within the limits of the first duty ratio. That is, if a switching element Q2 is turned on, a current will flow 
through Reactor L and a switching element Q2 from the low voltage dc-battery 1, electromagnetic energy is 
accumulated in Reactor L, and if a switching element Q2 is intercepted, Reactor L will pass a current to high 
potential power-source Rhine VH through the flywheel diode D which was going to maintain the current 
condition and was connected to the switching element Ql by the side of a high side, and reverse juxtaposition. 
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Hereafter, the low voltage dc^ttery 1 supplies electric power to an inverter circuit 3 in direct current power 
continuously by this repeat. 

[0024] Moreover, controllers 4 decrease in number the duty ratio of a switching element Q2 by the increment in 
the electrical potential difference of high potential power-source Rhine VH, and are performing feedback 
control which increases the duty ratio of a switching element Q2 by reduction of the electrical potential 
difference of high potential power-source Rhine VH. 

[0025] By this, if the electrical potential difference of high potential power-source Rhine VH increases, the are 
recording electromagnetic energy of Reactor L will decrease by duty ratio reduction of a switching element Q2, 
the output voltage of DC-DC converter 2 will decline, conversely, if the electrical potential difference of high 
potential power-source Rhine VH decreases, the are recording electromagnetic energy of Reactor L will 
increase according to duty ratio increase of a switching element Q2, the output voltage of DC-DC converter 2 
will increase, and the electrical potential difference of high potential power-source Rhine VH will be 
maintained in the predetermined range. 

[0026] Therefore, the increment in the duty ratio of a switching element Q2 causes increase of the discharge 
current of the low voltage dc -battery 1. Then, the duty ratio of a switching element Q2 is restricted to under the 
predetermined maximum duty ratio so that the discharge current of the low voltage dc-battery 1 may become 
under the permission maximum discharge current value. In addition, it may be intermittent in a switching 
element (complementary) Ql with a pattern contrary to intermittence of a switching element Q2. 
[0027] Next, the base of control of the DC-DC converter in generation-of -electrical-energy actuation 
(regeneration actuation) is explained below. 

[0028] At the time of generation-of -electrical-energy actuation (regeneration actuation), the low voltage dc- 
battery 1 needs to absorb need power from an inverter circuit. 

[0029] Then, a controller 4 carries out PWM switching of the switching element Ql by the side of a high side 
within the limits of the second duty ratio. That is, if a switching element Ql is turned on, a current will flow 
from high potential power-source Rhine VH to the low voltage dc-battery 1 through Reactor L, electromagnetic 
energy is accumulated in Reactor L, and if a switching element Ql is intercepted, Reactor L will pass a current 
to the low voltage dc-battery 1 through the flywheel diode D which was going to maintain the current condition 
and was connected to the switching element Q2 by the side of a low side, and reverse juxtaposition. Hereafter, 
electric power is continuously supplied to the low voltage dc-battery 1 by this repeat in direct current power 
from an inverter circuit 3. 

[0030] Moreover, a controller 4 increases the duty ratio of a switching element Ql by the increment in the 
electrical potential difference of high potential power-source Rhine VH, and is performing feedback control 
which decreases the duty ratio of a switching element Q2 by reduction of the electrical potential difference of 
high potential power-source Rhine VH. 

[0031] By this, if the electrical potential difference of high potential power-source Rhine VH increases, the are 
recording electromagnetic energy and the dc-battery charging current of Reactor L will increase by the 
increment in a duty ratio of a switching element Ql, and the electrical potential difference of high potential 
power-source Rhine VH will fall. On the contrary, if the electrical potential difference of high potential power- 
source Rhine VH decreases, the are recording electromagnetic energy and the dc-battery charging current of 
Reactor L will decrease by duty ratio reduction of a switching element Ql, the electrical potential difference of 
high potential power-source Rhine VH will increase, and the electrical potential difference of high potential 
power-source Rhine VH will be maintained in the predetermined range. 

[0032] Therefore, the increment in the duty ratio of a switching element Ql causes increase of the charging 
current of the low voltage dc-battery 1. Then, the duty ratio of a switching element Ql is restricted to under the 
predetermined maximum duty ratio so that the charging current of the low voltage dc-battery 1 may become 
under the permission maximum charging current value. In addition, it may be intermittent in a switching 
element (complementary) Q2 with a pattern contrary to intermittence of a switching element Ql. 
[0033] Furthermore, explanation changes the electrical potential difference of high potential power-source 
Rhine VL of the low-battery electrical power system 100 in the time of charge and discharge. Although it does 
not have nothing profit of charge if this does not set up more highly than the open circuit voltage the applied 
voltage at the time of charge of the low voltage dc-battery 1, the terminal voltage at the time of discharge of the 
low voltage dc-battery 1 is because it cannot but become lower than open circuit voltage by the voltage drop by 
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the internal resistance. AlthooPTan electrical-potential-difference change of high potential power-source Rhine 
VL of the above-mentioned low-battery electrical power system 100 at the time of electric actuation (powering 
movement) and generation-of -electrical-energy actuation (regeneration actuation) may be made compulsorily, 
leaving above-mentioned quantity potential power-source Rhine VH to the feedback control for fixed-izing can 
also carry out automatically. 

[0034] That is, since the electrical potential difference of high potential power-source Rhine VH becomes high 
quickly if charge of the low voltage dc -battery 1 does not work at the time of regeneration actuation, according 
to it, the duty ratio of a switching element Ql increases quickly, the electrical potential difference of high 
potential power-source Rhine VL of the low-battery electrical power system 100 rises, and it comes to be able 
to perform charge of a dc-battery 1 smoothly. On the contrary, since the electrical potential difference of high 
potential power-source Rhine VH falls quickly, the duty ratio of a switching element Q2 increases quickly, the 
electrical potential difference of high potential power-source Rhine VL of the low-battery electrical power 
system 100 falls, and discharge of a dc-battery 1 comes to be able to do it smoothly according to it, if charge of 
the low voltage dc-battery 1 does not work a powering movement. 

[0035] In a change in the electric actuation from regeneration actuation, only a predetermined short time carries 
out the forcible set of the duty ratio of a switching element Q2 at a predetermined value, without leaving it to 
the above-mentioned feedback control. In addition, by this Supply power to high potential power-source Rhine 
VH from the low voltage dc-battery 1 promptly, and the sag of high potential power-source Rhine VH is 
prevented. In a change in the regeneration actuation from electric actuation, only a predetermined short time 
carries out the forcible set of the duty ratio of a switching element Ql at a predetermined value. On the contrary, 
by this Power can be promptly supplied to the low voltage dc-battery 1 from high potential power-source Rhine 
VH, and electrical-potential-difference increase of high potential power-source Rhine VH can also be 
prevented. Of course, after the above-mentioned predetermined short-time progress needs to return to the usual 
above-mentioned feedback control in this case. 

[0036] (Explanation of a controller 4) Next, the controller 4 which controls the above-mentioned DC-DC 
converter is explained in more detail with reference to drawing 2 . 

[0037] As for a comparator, and 46 and 47, the microcomputer for analog threshold electrical potential 
differences in 40, and 41-45 are [ an AND circuit and 48 ] change circuits. 

[0038] A microcomputer 40 is a microcomputer which sets up the maximum duty ratio of the switching element 
Q2 at the time of a powering movement, and the maximum duty ratio of the switching element Ql at the time of 
regeneration actuation. It is inputted into a microcomputer 40 from the sensor which the analog signal electrical 
potential difference proportional to the temperature and the current of the low voltage dc-battery 1 does not 
illustrate, and these analog signal electrical potential difference is changed into a digital signal by the A/D 
converter built in the microcomputer 40. 

[0039] A microcomputer 40 amends the maximum duty ratio of the switching element Q2 at the time of a 
powering movement, and the maximum duty ratio of the switching element Ql at the time of regeneration 
actuation according to the temperature and the current of the inputted low voltage dc-battery 1. If it explains 
concretely, the microcomputer 40 will hold the map in which the relation between the temperature of the low 
voltage dc-battery 1, a current, and the amount of maximum duty ratio amendments is shown, and will calculate 
the amount of amendments of the maximum duty ratio from a map according to the temperature and the current 
which were inputted. Furthermore, the amount of amendments is changed in the direction which will make the 
maximum duty ratio small if the temperature of the low voltage dc-battery 1 is high when it explains, and if the 
current of the low voltage dc-battery 1 is large, the amount of amendments will be changed in the direction 
which makes the maximum duty ratio small. Thereby, the temperature of the low voltage dc-battery 1 is high, or 
when a current is large, the maximum duty ratio can be made small, the maximum current of the low voltage 
dc-battery 1 can be fallen, and the additional generation of heat or specification condition aggravation of the 
low voltage dc-battery 1 by increase of an additional current can be prevented. 

[0040] D/A conversion of the maximum duty ratio of the switching element Q2 at the time of the powering 
movement called for with the microcomputer 40 and the maximum duty ratio of the switching element Ql at the 
time of regeneration actuation is carried out within a microcomputer 40, and they are outputted to comparators 
43 and 45 according to an individual. In addition, Vref 1 is an analog threshold electrical potential difference 
equivalent to the maximum duty ratio of the switching element Q2 at the time of a powering movement, and 
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Vref2 is an analog threshold (Metrical potential difference equivalent to the maximum duty ratio of the 
switching element Ql at the time of regeneration actuation. 

[0041] Although a comparator 41 is a circuit which distinguishes a powering movement and regeneration 
actuation, it may receive the signal which distinguishes a powering movement and regeneration actuation from 
the controller which controls the inverter circuit 3 which omitted and described this above. 
[0042] Furthermore, if it explains, the electrical potential differences of high potential power-source Rhine VH 
of the high- voltage electrical power system 200 differ considerably in the time of a powering movement and 
regeneration actuation, it is low at the time of a powering movement, and since it becomes high at the time of 
regeneration actuation, a comparator 41 will output ** high level at the time of regeneration actuation, and will 
output a low level at the time of a powering movement. 

[0043] A comparator 41 controls the signal change circuit 48, and outputs the output signal of AND circuit 46 
to a switching element Q2 at the time of a powering movement, and intercepts the output signal transmission 
from AND circuit 47 to a switching element Ql. On the contrary, a comparator 41 controls the signal change 
circuit 48, and outputs the output signal of AND circuit 47 to a switching element Ql at the time of regeneration 
actuation, and intercepts the output signal transmission from AND circuit 46 to a switching element Q2. 
[0044] At the time of a powering movement, a comparator 42 compares the electrical potential difference VH 
(here, it considers as a same sign) and triangular wave electrical potential difference of high potential power- 
source Rhine VH, and inputs a comparison result into AND circuit 46. The pulse width (namely, PWM duty 
ratio) of the pulse voltage (high-level period) to which a comparator 42 outputs what are careful of is becoming 
so small that the electrical potential difference VH of high potential power-source Rhine VH becoming large. 
Thereby, if the electrical potential difference VH of high potential power-source Rhine VH becomes large, the 
ON time amount of a switching element Q2 will decrease, and the electrical potential difference VH of high 
potential power-source Rhine VH will fall. 

[0045] Since AND circuit 46 permits the high-level output of a comparator 42 only within the period when a 
comparator 43 outputs high level, it turns out at the time of a powering movement that the maximum duty ratio 
of a switching element Q2 is specified with the ** analog threshold electrical potential difference Vref 1 at the 
time of the above-mentioned powering movement. 

[0046] At the time of regeneration actuation, a comparator 45 compares the electrical potential difference VH 
(here, it considers as a same sign) and triangular wave electrical potential difference of high potential power- 
source Rhine VH, and inputs a comparison result into AND circuit 47. The pulse width (namely, PWM duty 
ratio) of the pulse voltage (high-level period) to which a comparator 45 outputs what are careful of is becoming 
so large that the electrical potential difference VH of high potential power-source Rhine VH becoming large. 
Thereby, if the electrical potential difference VH of high potential power-source Rhine VH becomes large, the 
ON time amount of a switching element Ql can increase, and a high current can reduce the electrical potential 
difference VH of a sink and high potential power-source Rhine VH to the low-battery electrical power system 
100. 

[0047] Since AND circuit 46 permits the high-level output of a comparator 45 only within the period when a 
comparator 44 outputs high level, it turns out at the time of regeneration actuation that the maximum duty ratio 
of a switching element Ql is specified with the ** analog threshold electrical potential difference Vref 2 at the 
time of the above-mentioned regeneration actuation. 

[0048] (The example effectiveness) As explanation was given [ above-mentioned ], since the maximum duty 
ratio different, respectively was set up at the time of a powering movement and regeneration actuation and 
PWM actuation of the switching element Ql at the time of regeneration actuation is restricted to PWM 
actuation of the switching element Q2 at the time of a powering movement, and a list in the range of each 
maximum duty ratio, even if it changes from a powering movement to regeneration actuation, in this example, it 
can prevent that the excessive charging current flows into the low voltage dc-battery 1. Moreover, this does not 
give surge voltage to other components (for example, DC-DC converter for auxiliary machinery dc-battery 
charge) connected to power-source Rhine of the low-tension side in the time of power running / regeneration 
switch, either. 

[0049] (Deformation mode) In the above-mentioned example, although the switching element Q2 was carried 
out at the time of a powering movement and PWM control of the switching element Ql was carried out at the 
time of regeneration actuation, loss of diode can also be reduced by carrying out the reverse action 
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(complementary actuation) dffne remaining switching elements to the above-mentioned switching element by 
which PWM control is carried out. 

[0050] (Deformation mode) In the above-mentioned example, although the bidirectional DC-DC converter of a 
reactor chopper format was used, the bidirectional DC-DC converter using the single phase bridge type inverter 
circuit and transformer of a pair is also employable. 

[0051] In this case, what is necessary is to restrict the maximum duty ratio of the first single phase bridge type 
inverter circuit to below the first predetermined value at the time of a powering movement, and just to restrict 
the maximum duty ratio of another single phase bridge type inverter circuit which remains at the time of 
regeneration actuation to below the second predetermined value. 

[0052] (Deformation mode) suitable for regeneration actuation in the moment to the regeneration actuation from 
a powering movement of changing, or just before [ its ] to the switching element Ql, although feedback control 
of the electrical potential difference VH of high potential power-source Rhine VH was carried out to 
predetermined desired value before and after the change in a powering movement and regeneration actuation in 
the above-mentioned example — you may perform with a predetermined duty ratio compulsorily. 
[0053] (Deformation mode) In the above-mentioned example, although the transit motor was assumed as a 
dynamo-electric machine 5 for cars, electric power is supplied to the electric load for cars in power, and when 
using for torque assistance or regenerative braking the generator motor which generates engine starting power, 
it can also apply. 
[0054] 

[Example 2] Other examples are explained below with reference to drawing 3 . 

[0055] This example forms the high-pressure dc-battery 8 between high potential power-source Rhine VH of 
the circuit diagram of drawing 1 , and touch-down Rhine, and uses it as the 2 power-source mold power unit for 
cars. 

[0056] In this case, although a bidirectional DC-DC converter will be operated so that the electrical potential 
difference of the low voltage dc-battery 1 may be maintained to a predetermined value if bidirectional DC-DC 
converter 2 says further so that power may be mutually accommodated between the high-pressure dc-battery 8 
and the low voltage dc-battery 1 When the electrical potential difference of high potential power-source Rhine 
VH shown in drawing 2 deviates from the predetermined range at this time, the switching elements Ql and Q2 
of bidirectional DC-DC converter 2 can be operated so that it may be completed as the above-mentioned 
predetermined range by the electrical potential difference of high potential power-source Rhine VH. 
[0057] If it does in this way, the effectiveness of being in the tolerance of the low voltage dc-battery 1, and 
being able to make the burden of charge of the high-pressure dc-battery 8 and discharge share in part with the 
low voltage dc-battery 1 can be done so. 

[0058] Since the control action of a concrete bidirectional DC-DC converter itself is the same as that of the case 
of the example 1 shown in drawing 2 , detailed explanation is omitted. 
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